Introduction
In recent years, we have witnessed a growth of citizen science projects not only in number but also in scale and scope. Citizen science projects involve non-scientist citizens in scientific research projects by inviting them to collaborate in several different processes, steps, or activities of the scientific method, which may include choosing or defining questions for study, gathering information and resources, collecting and/or analysing data, interpreting data and drawing conclusions, disseminating conclusions, and discussing results and asking new questions [Bonney et al., 2009; Shirk et al., 2012] . Throughout the years, several reports have placed special attention on the understanding and assessment of the real impact of citizen science projects at the scientific, educational and motivational levels [Trumbull et al., 2000; Bonney et al., 2009; Kountoupes and Oberhauser, 2008; Marshall and Kleine, 2012; Zoellick, Nelson and Schauffler, 2012; Raddick et al., 2013; Science Communication Unit, 2013; Edwards, 2014, and references therein] . The evaluation and assessment of the educational impact of citizen science projects raises particular interest because although many of these projects are envisioned and implemented in scenarios of informal science education, many times the young students are one of the preferential target groups with their engagement being promoted through schools [Zoellick, Nelson and Schauffler, 2012] . For teachers and students, the establishment of a school-scientist partnership is usually very attractive as it offers them the opportunity to be involved with an on-going scientific project and to work with real data [Falloon, 2013] .
Socientize, acronym for "Society as e-Infrastructure through technology, innovation and creativity", was a project funded by the European Commission under the Seventh Framework Programme Socientize, 2015] . The Socientize consortium has developed intensive activities along three major axes of action: (i) implementation of citizen science projects; (ii) dissemination activities with different target groups; and (iii) network activities with major stakeholders on citizen science worldwide, resulting in the publication of the White Paper on Citizen Science. 1
Several web-based applications were developed to support scientific projects in the areas of molecular and cell biology and drug discovery (Cell Spotting 2 ), linguistics and semantics (Mind Paths 3 ), energy saving and sustainability (SavingEnergy@Home 4 ) and astronomy (Sun4All 5 ). In order to promote the engagement of society, Socientize developed many dissemination activities to specific target groups, such as students and teachers in school communities, citizens 50+ through universities for seniors and 50+ web platforms, patients associations, and other risk-of-exclusion groups such as prison inmates. To monitor the success of the activities developed and to assess their potential impact, a series of quantitative and qualitative evaluation activities were conducted to learn about the project impact and achievements.
Here, we focus on the evaluation of the educational and motivational outcomes of the Cell Spotting project reported by students and teachers from secondary schools in Portugal and Spain. The results shown are gathered from a combination of data collected from an online questionnaire about the Cell Spotting project available for all participants in the application (students, in this case), an online questionnaire directed to teachers, and a focus group discussion with teachers. Special emphasis is given to a better understanding of the drivers and barriers for teachers and students to contribute to citizen science projects as part of their regular classroom activities.
The Cell Spotting project
Cell Spotting project has been developed in collaboration with the "Stem Cells and Apoptosis Group" from the Institute for Biocomputation and Physics of Complex Systems (BIFI) of the University of Zaragoza (Spain). Cell Spotting involves volunteers in the search of new treatments for cancer [Lostal et al., 2013a; Lostal et al., 2013b] . The main objective of the Cell Spotting project is to identify small chemical compounds capable of selectively inducing cancer cells' death. Volunteers are invited to participate by observing and analysing thousands of images of cancer cells under the treatment of potential drugs obtained by fluorescence microscopy over time. The analysis of the cancer cells images consists of the collection of several parameters such as cell status, cell content release, mitochondria distribution or nucleus' shape.
From the researchers' point of view, the development of the citizen science application Cell Spotting allows them to tackle two distinct problems. First, citizens' participation in the analysis of these large data sets provides an amount of analysed results that would otherwise be prohibitively expensive to obtain. Second, the results compiled will enable the creation of a large training set that can be used for machine learning techniques, enabling the automatic analysis of future cancer cells images [Lostal et al., 2013b; Lostal et al., 2013a] .
For teachers and students (aged 15 to 18 years) in secondary schools, Cell Spotting provides an integrated view of several topics covered in Biology classes, thus favouring a strong curriculum interconnection. General topics covered include learning scientific research methodologies and analysing data sets, while more specific topics of the curriculum include understanding the importance of the apoptosis (type of cell death) in cellular growth and renovation, understanding the differences between the processes of apoptosis and necrosis (another type of cell death), and recognising and distinguishing the main morphological characteristics of these two types of cell death.
Cell Spotting (Figure 1 ) has been developed to integrate easy-to-use self-guided tools for the analysis of the cell culture images coupled with different educational resources which include a didactic unit (available in English, Portuguese and Spanish), and a virtual excursion room, where schools are able to remotely experience the work at the cell laboratory. This virtual excursion is made available via the GLOBAL Virtual Science Hub 6 -"ViSH", which contains a selection of e-Infrastructures and science-teaching related material accessible via a collaborative content repository for teachers and scientists to exchange and establish collaborations. Additional educational resources include a video 7 explaining the scientific process and research challenges addressed by Cell Spotting (also available in English, Portuguese and Spanish), and two teaching activity packages published by Casa das Ciências 8 and Science in School 9 [Monteiro, Silva and Carrodeguas Villar, 2015] -two online platforms that aim to promote inspiring science teaching by encouraging communication and proposing joint activities between teachers and scientists. In the search for new and effective drugs, these cells were treated with a drug sample. Via the Internet, citizens receive images of cell cultures being studied under a microscope (Box A) and help to determine the actual state of each cell based on the answer to simple questions (Boxes B and C). Guiding instructions on how to answer the questions are shown in Box D. Multiple tools (Boxes E and F), tutorials (Box G) and the didactic unit (Box J) are easily accessible to assist in the completion of the task, as well as the questionnaire to evaluate the application (Box I). The virtual excursion room is available via the symbol in Box H.
Promotion of teachers and students participation
In Spain, the Cell Spotting application was promoted among schools since its early deployment in March 2013. Carrodeguas was also organised. A total of 180 students attended the videoconferences organised in five different schools. In the videoconference, students had the opportunity to talk with Joseì and ask him about the life of a scientist, his research work, scientific volunteering and so on. After these sessions, students were invited to fill in the online questionnaire evaluating the Cell Spotting application and to continue collaborating with the Cell Spotting at home. In Portugal, students from the 10 th to the 12 th grade (aged 15 to 18) were involved in the Cell Spotting project. Classroom activities with students took place in six schools, with a total number of 30 classes attending, and involving 565 students.
Evaluation methods
In order to assess the success of the activities promoted around the Cell Spotting project and to understand the educational and motivational outcomes of the participation of teachers and students, the evaluation activities were conducted via a mix of quantitative and qualitative data collection instruments, which included an online questionnaire to collect volunteers' feedback, an online questionnaire to collect teachers' feedback, and a focus group with teachers who used the application in Biology classes.
Online questionnaire for volunteers of the Cell Spotting application
In the Cell Spotting application, after completing the analysis of a cell culture image, volunteers were asked to provide feedback on their experience with the application via an online questionnaire made available in English, Spanish and Portuguese. The questionnaire consisted of questions/statements regarding the following aspects: (i) perceived understandability of the instructions and ease of use of the application itself, (ii) motivation to participate in the project, and (iii) impact of the participation in the project at personal level. The last section of the questionnaire collected socio-demographic details of the volunteers.
The following five questions/statements measured the perceived ease of use of the application and the comprehensiveness of the provided instructions: "Do you believe that you understand the objectives of the Cell Spotting project?", "I thought the tasks from the Cell Spotting application were easy to do.", "The provided information and instructions were difficult to understand.", "I needed to learn a lot of things before I could participate in the project (e.g. instructions on how to classify cell images).", "The cell culture images provided for analysis were clear to me.".
Four statements measured students' motivation to participate in the project: "I am attracted by the idea to be involved in a research project.", "I wanted to provide some valuable contribution to this important research topic.", "I wanted to try it out of curiosity.", "I was requested to do so by somebody.".
The impact of the participation in the project at personal level was assessed by the following statements: "I learned more about cell biology through this project.", "I understand better now how researchers are working.", "I have the feeling that my participation in the project was a valuable contribution to research.", and "I intend to continue my active participation in research projects.".
An 11-point Likert scale was used to collect feedback to all the questions/statements presented above, where the value 0 corresponds to total disagreement ("Not at all") and the value 10 corresponds to strong agreement ("Very much").
The Spearman's rank correlation coefficient (r s ) [Spearman, 1904] was calculated to test for differences in students' responses to the questions/statements presented by age.
Online questionnaires for teachers
Teachers who collaborated with Socientize and participated in the Cell Spotting project with their students in class were asked to provide feedback on their experience by answering an online questionnaire. As before, the questionnaire was made available in English, Spanish and Portuguese.
The questionnaire consisted of questions regarding the school where the teacher implemented the Cell Spotting, the teachers' experience with the implementation of the project in the classroom, the impact at student level, and opportunities and barriers for Citizen Science at school.
The impact on the students was assessed based on the following questions: "Did the involvement increase the students' interest in citizen science?", "Did the involvement increase the students' knowledge and understanding of the research processes in general?", "Did the involvement increase the students' knowledge and understanding about drug research?", "Was the involvement in the project perceived as exciting or motivating for students?", and "Was it easy for you to include the project in your teaching curriculum?". Teachers were requested to provide feedback on these questions using an 11-point Likert, where the value 0 corresponds to total disagreement ("Not at all") and the value 10 corresponds to strong agreement ("Very much"). Associated with each of the above questions, the teachers were asked to explain their choice in open text question.
The identification of opportunities and barriers for implementing Citizen Science projects in schools was also promoted via direct open text questions.
Focus group with teachers
In Portugal, a focus group was hosted with six teachers participating. The teachers participating had implemented Cell Spotting in Biology classes. The objective of the focus group was to promote more detailed discussion on the questions already addressed in the teachers' online questionnaire, such as the Cell Spotting project and its applicability at schools and opportunities and barriers for Citizen Science in schools. The discussion was summarised by inviting participants to perform a SWOT analysis (Strengths -Weakness -Opportunities -Threats analysis) of the Cell Spotting project and citizen science in general.
Results
The results presented below are based on data collected from the online questionnaires between April 2013 and June 2014, and the focus group with teachers carried out in May 2014.
Students' feedback
Although, students were invited to fill in the online questionnaire evaluating the Cell Spotting after using the application in the classroom, by April 2014 only a small number of students had provided feedback. Thus, a reminder email was sent to all students. A total of 283 students provided feedback on all questions of the questionnaire. 63% of them were female and 37% male. 67% of the students resided in Spain compared to 32% in Portugal. 90% were aged between 15 and 17 years when answering the questionnaire. Table 1 provides a general overview of the students' answers to the online evaluation questionnaire of the Cell Spotting application.
Students gave very positive ratings to the statements related to the understandability and ease of use of the application (Table 1 , S1 to S5). Most students rated the question "Do you believe that you understand the objectives of the Cell Spotting project?" with value 10 revealing that the scientific goals of the project were clearly understood. Still, and although a majority of students stated that they did not need to learn many new things before starting to collaborate with the projects (Table 1, S2, Mode=1) , and that the provided information and instructions were easily understandable (Table 1, S3, Mode=0) , it is possible to observe that the mean and standard deviation values for both statements are comparably greater than the mode values, which indicates that some groups of students felt the need for additional preparation before being able to participate in the project such as the one provided during the students' training workshops. After the initial training, the students considered the Cell Spotting tasks easy to perform ( The Spearman's correlation coefficient revealed no statistically significant relationship between the age and students responses with regard to the question "Do you believe that you understand the objective of the Cell Spotting project?" (Table 2 , S1: r s =-.07; p-value=n/a). However, relationships between students' age and the responses given to the remaining statements (Table 2 , S2 to S5) were significant. In general, older students tend to agree less with these statements than S8. "I wanted to try it out of curiosity." 8 6.9 2.8 S9. "I was requested to do so by somebody." 10 7.8 3.1 Impact of the participation at personal level S10. "I learned more about cell biology through this project." 10 7.8 2.2 S11. "I understand better now how researchers are working." 10 8.0 2.0 S12. "I have the feeling that my participation in the project was a valuable contribution to research." their younger peers (−0.14 ≤ r s ≤ −0.24, p-value<0.05). Squaring the correlation coefficients indicates that age seems to explain 4.4% and 5.8% of the variance in responses to statements "I needed to learn a lot of things before I could participate in the project." (Table 2 , S2) and "The provided information and instructions were difficult to understand" (Table 2 , S3). The higher agreement with these statements by younger students may be explained by the fact the concepts like cellular growth and renovation, and its relation to apoptosis are only introduced in the curriculum of older students.
The four statements measuring students' motivation to participate in the Cell Spotting project received very similar answers by the students (Table 1 , S6 to S9). However, results presented must be interpreted considering that the students participated in the project at school as part of their regular Biology classes, so their participation was not entirely voluntary. Thus, it comes without surprise that the most frequent response to statement "I was requested to do so by someone" was the value 10 (Table 1, S9) . Nevertheless, the students indicated that being "attracted by the idea to be involved in" (Table 1, S6 ) and "making a valuable contribution" (Table 1 , S7) to the research project constituted strong motivators for participating in Cell Spotting (mean ratings of 7.8 and 8.2, respectively). Curiosity was considered the less important motivator (Table 1, S8) . In an open text question, students were also invited to identify other reasons for their participation in the project. 35 students provided feedback to this question. About one third referred in their comments to the possibility to contribute to an important topic/project. About Table 2 . Analysis of differences in the responses to online evaluation questionnaire of the Cell Spotting application by students' age based on the Spearman's correlation coefficient (r s ).
Statement / Question r s p-value Perceived ease of use of the application S1. "Do you believe that you understand the objectives of the Cell Spotting project?" −0.07 -S2. "I needed to learn a lot of things before I could participate in the project (e.g. instructions on how to classify cell images)." −0.21 < 0.01 S3. "The provided information and instructions were difficult to understand." −0.24 < 0.01 S4. "I thought the tasks from the Cell Spotting application were easy to do." −0.14 < 0.05 S5. "The cell culture images provided for analysis were clear to me." −0.18 < 0.01 Motivation to participate in the Cell Spotting application S6. "I am attracted by the idea to be involved in a research project."
−0.03 -S7. "I wanted to provide some valuable contribution to this important research topic."
−0.08 -S8. "I wanted to try it out of curiosity."
−0.05 -S9. "I was requested to do so by somebody." −0.16 < 0.01 Impact of the participation at personal level S10. "I learned more about cell biology through this project." −0.32 < 0.01 S11. "I understand better now how researchers are working." −0.20 < 0.01 S12. "I have the feeling that my participation in the project was a valuable contribution to research." The analysis of the Spearman's correlation coefficients to test for differences in motivation by age (Table 2 , S6 to S9) shows hardly any differences in motivation with regard to age. The only significant relationship between age and motivation could only be observed regarding the statement "I was requested to do so by somebody". Older students tend to agree less to this statement than their younger colleagues (Table 2 , S9: r s = −0.16, p<0.01). Still, by squaring the correlation coefficient we can observe that only 2.6% of the variance in responses to this statement can be explained by age.
The statements evaluating on the impact the participation in the project had at personal level received also strong agreement by students (Table 1 , S10 to S13: Mode: 10 and 8, Mean values between 7.3 and 8.2, where 0="Not at all" and 10="Very much"). The students strongly agreed with the statement "I intend to continue my active participation in research projects" (Table 1 , S13). Students seem to believe that the effect of their participation is greater at individual level (knowledge increase in cell biology research and about the work of a researcher; Table 1 , S10 and S11) than on progress of the scientific project itself (Table 1, S12). In fact, when inquired about the feeling that their participation "was a valuable contribution to research", students show lower values of confidence in this regard (Mean=7.3; St. Dev.=2.4).
For this group of statements, a strong dependence is observed between students' responses and their age (Table 2 , S10 to S13). The relationship between age and the statement "I learned more about cell biology through this project" is highly significant. Clearly, younger students expressed a stronger agreement with this statement (Table 2 , S10: r s = −0.32, p<0.01). In fact, squaring the correlation coefficient indicates that 10.2% of the variance found in the responses on this statement can be explained by the age of students. Younger students also acknowledged getting a better understanding of how researchers are working due to the project (Table 2 , S11: r s = −0.20, p<0.01). With regard to the value of their contribution for the progress of the Cell Spotting, older students were less convinced than younger students (Table 2 , S12: r s = −0.25, p<0.01). These results reveal the participation in the Cell Spotting project was stronger on younger students than on older students.
Students' were also asked if they intended to share their experience with family and friends, thus helping to disseminate the Cell Spotting project. 97% of the respondents stated they would recommend the participation in the project to family and friends. Only eight people (=3%) would not recommend the participation in the project. Four students explained their choice. Two students stated the project is not attractive. Another student explained that if any person can participate, the project could not be serious. Other student feared his friends and family lacked the necessary knowledge to participate.
Among the 275 students who would recommend the project to family and friends, 206 (∼75%) explained their choice. A content analysis of the statements provided confirms the results of the previous analysis regarding students' motivation (Table 3) . Most students explained their motivation to recommend the project with the possibility to contribute/to help. Very frequently "contributing" was named in relation to the importance of the topic. This underlines the importance students gave to the subject and purpose of the data collected in the Cell Spotting application. Another frequent reason to promote the participation among friends and family was the interestingness of the project. Comments also indicate that students appreciated the possibility to learn something new. Some students thereby explicitly referred to cell biology or science. Entertainment was often named in combination with other factors like "interesting project" or "contribute". Curiosity and learning about science in general seems to be of less importance. This feedback gives a very good overview about the motivation of the students to participate in the project.
Finally, students were asked which research areas would motivate them to participate in other citizen science projects (Table 4 ; multiple choices allowed). Results show a strong preference for Microbiology, Wildlife and Physics/Mathematics. Environmental issues, Geology and History are of less interest for students. In open comments, IT (5 students), Psychology (4 students), Chemistry (3 students) and Sports (3 students) were named as further fields of interest. A strong bias is observed towards citizen science projects in the areas of natural and exact sciences, which is probably influenced by the fact that students participating in the Cell Spotting project activities were attending mainly science courses such as Biology and Geology, Mathematics, Physics and Chemistry. 
Teachers
Although more than 100 teachers were involved in the activities around the Cell Spotting, only eight teachers started answering the questionnaire. However, only five of them completed it. The following analysis will not be restricted to the completed questionnaires but take into consideration all answers available.
In the first part of the questionnaire, teachers were asked to provide a short description on how the Cell Spotting application was used in the classroom indicating the time period spent around the project and how many students participated in the activities promoted by the teachers. The time of the engagement of the teachers varied between 2-3 hours, three months and the entire 2013/2014 school year. The teachers implemented the project in 11 th and 12 th grades Biology lessons. One teacher stated that she/he intended to use the application on regular basis in particular lessons dedicated to research projects and sporadically in other lessons as well. Teachers reported to have worked with between 10 and 40 students around the Cell Spotting project. The total number of involved students according to teachers' feedback is 112. Was the involvement in the project perceived as exciting or motivating for students?
8.6 9.0 1.7
Was it easy for you to include the project in your teaching curriculum? 7.0 7.0 2.5 Table 5 describes the answers from the five teachers who provide feedback on the impact the participation in Cell Spotting had on the students in class. To a large extent, these results are very similar to the results obtained in the analysis of the students' feedback. Teachers reported that students appear very motivated and interested in citizen science projects. Same as students, teachers also got the impression that the participation in the project had stronger effects on students' knowledge about research processes in general (Mean=8.2) than about drug research (Mean=6.2) in particular. Answers to the question "Was it easy for you to include the project in your teaching curriculum?" varied between 4 and 10 and thus were very diverse.
In open comments teachers provided feedback on the required facilitation and potential benefits and barriers for the cooperation with schools in citizen science projects. Teachers considered training, continuous support and the collaboration with scientists as useful. It was also mentioned that researchers should make their results available for students and explain how students contributed to the achievement of those results. From teachers' point of view, the involvement of schools in citizen science offers several benefits such as the increase of the students' scientific literacy and interest in pursuing studies in the fields of science. Also, it creates awareness for the possibility to participate in research projects happening anywhere in the world and at any time. However, repeatedly teachers identified the lack of time, tight curricula and the need to prepare the students for exams at national level (which determine the ranking for accessing university degrees) as potential barriers for the involvement of schools in citizen science projects. In spite of these constraints, teachers would recommend the participation in citizen science projects to other colleagues.
The discussion during the focus group organised with six Portuguese teachers highlighted and detailed much of the feedback already collected in the questionnaire. Again, teachers explained the motivation to implement the Cell Spotting in class with the relevance of the subject and the possibility for students to participate in a research project. One teacher also asserted that the participation of the school in the Cell Spotting project was able to attract students usually unmotivated to science.
According to teachers' feedback, Cell Spotting could be too difficult for students in the 10 th grade (aged 15-16) since many of the concepts it addresses were not yet covered in classes. In contrast, Cell Spotting is perfectly adequate for the 11 th and 12 th grade (16 to 18 years old) as it fits very well to the curriculum. In this respect, the work with the Cell Spotting application helped students to consolidate concepts covered in Biology classes and learn new ones, and to understand them in an applied way. For example, concepts such as apoptosis and necrosis were better comprehended by applying them to the analysis of real cell culture images. In addition, the participation in Cell Spotting fostered students' understanding of scientific processes. Students gained a more realistic perspective of what is the reality of a scientist's work. They also realized the importance of cooperation and teamwork to succeed professionally.
Special emphasis was given to the videoconferences with José A. Carrodeguas. Teachers deemed the direct contact between students and scientists as important to attract and motivate students to collaborate in research projects.
Statements of two teachers during the focus group:
"This project allowed the contact with different realities and also opened students' horizons to the world. This is a singular opportunity to involve students with the reality of Research in Science."
"This project allowed the contact with a reality that we, as teachers, can try to explain but have not lived."
The instructions and teaching materials provided were considered as very useful during the implementation of the activities in the classroom and helped to motivate students. Interestingly, very often the project especially motivated students with a rather weak school performance. According to teachers, this underlines the need to diversify teaching methods in order to reach all students. Citizen science was deemed as a useful tool in this regard.
Teachers in the focus group were also asked to share their impressions of what students considered interesting and/or attractive about the participation in the project and the use of the application itself. As before, the comments collected resemble the answers provided by students in the open questions of the volunteers' questionnaire. First of all, students could relate to the subject (cancer research) of the project and felt they were offered the possibility to participate/collaborate in "something bigger" and with social utility, by carrying out tasks similar to those performed by an experienced researcher. The knowledge that the data under analysis is real and its treatment necessary for real scientific purposes constituted an additional motivator. The participation in the project brought science and scientists closer to students, which can open new perspectives to their future. The close contact with the researcher responsible for Cell Spotting also helped students to demystify what a scientist is and what he/she does. According to teachers, many students realised that to be a scientist requires a lot of effort and does not always bring the expected results, which contrasted with a general romanticised view that science and scientists can solve almost anything.
In what concerns the potential barriers for a more active engagement of schools in citizen science projects, teachers in the focus group reinforced the comments Table 6 . SWOT (Strengths -Weaknesses -Opportunities -Threats) analysis resulting from the teachers' focus group. Strengths and weaknesses refer mainly to the Cell Spotting project. Opportunities and threats refer to citizen science in general.
Strengths Weaknesses
-Strong complementarity with the curriculum.
-Brings students/schools and science closer.
-Widens the school knowledge network.
-Students' motivation.
-Broadened students' horizon.
-Use of technology.
-Technological requirements. An offline version could be available.
-Images are very similar in different tasks.
-Teachers cannot keep track of students' contributions to the project at home.
-Lacks links to other institutions, which already cooperate with schools (like parents associations, etc.).
Opportunities Threats
-Helps breaking the monotony in teaching.
-Students learn things, which go beyond knowledge measurable in exams.
-Training courses for teachers were suggested to support them in the implementation of Citizen Science projects at school.
-Contacts already established with schools could be used for other Citizen Science projects.
-Lack of time to implement such activities in class.
-Organisation of schools is rigid and leadership change could affect continuous participation.
-Projects need to be complementary to curricula collected in the questionnaires: tight schedule and exam preparations constitute a major threat for the implementation of these projects in schools. The lack of time caused by the tight schedule was also identified during the focus group as the reason preventing the development of activities around the Cell Spotting project in several sessions at schools. To overcome this problem, some teachers tried to promote continuous participation of students on their own at home throughout the academic year.
Statement of a teacher during the focus group:
"Secondary teaching is a run for the national exams. Although, curricula suggest the development and implementation of activities that foster discussion, research and knowledge application, there's a great pressure in having a good classification in national exams which constitutes a major barrier to develop more dynamic and enriching activities in the classroom."
In the last part of the focus group, teachers were asked to summarise their views on the Cell Spotting project and on citizen science in general by completing a SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis, which is presented in Table 6 .
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Discussion
The feedback from teachers and students concerning their involvement in the Cell Spotting project within the context of regular Biology classroom lessons revealed important insights.
Although the participation in the Cell Spotting project was "forced on students" as part of their Biology class curriculum, the motivation of students to participate in the project was very high. The opportunity to contribute to something important and relevant, to help and be part of something bigger, to have hands-on experiences with science by analysing real data and performing tasks usually reserved only to experts, and thus becoming a valuable part of a scientific project in a topic of interest were the most important motivational factors identified by the students which are in agreement with previously reported outcomes in other projects [Roy et al., 2012; Zoellick, Nelson and Schauffler, 2012; Edwards, 2014] . However, and although many argue that the participation in citizen science projects improves students' attitudes towards Science and understanding of scientific practice [Bonney et al., 2015] , students' feedback revealed that the subject and the objectives of the research project were more important than the general aspect of helping research advancement per se.
Concerning the understandability and ease of use of the web-based application supporting the Cell Spotting project, both teachers and students provided very positive feedback. The task of distinguishing between two different processes of cell death, through the identification of the morphological characteristics of the cell (such as shape, mitochondria distribution and content release), was perceived as clear and motivating by the majority of the students. However, some groups of students recognised that some initial training and preparation was necessary to understand what to look at and take care of when analysing the cell images. For these groups of students, the face-to-face training workshops and the didactic unit were paramount. Simultaneously, the direct contact with the researcher (even if only in a videoconference) was one of the most interesting support activities for students and teachers. The need for citizen science projects to potentiate bi-directional contact with researchers [Gray, Nicosia and Jordan, 2012; Falloon, 2013] and to be accompanied by a set of communication and support activities, such as training sessions [Kountoupes and Oberhauser, 2008; Marshall and Kleine, 2012; Zoellick, Nelson and Schauffler, 2012] and didactic material [Bonney et al., 2015] , also merged in other studies suggesting that these are important factors to exploit a maximum of benefits for students and teachers.
The intrinsic motivators associated with the Cell Spotting project and the variety of the support and communication activities developed highly contributed to the impact reported at the individual level by teachers and students. Self-reported evaluation results confirm the knowledge increase about scientific research in general, but more importantly in the content domain of the Cell Spotting project. Teachers argued that the participation in the project created a direct link between the concepts learned in regular Biology classes and their application to help solve a scientific problem, which helped students to better apprehend and consolidate concepts previously presented in a theoretical way. Clearly, aligning the scientific goals of the citizen science projects and the school curriculum is an important factor to have in consideration when developing a project for classroom education Zoellick, Nelson and Schauffler, 2012; Collins, 2014; Bonney et al., 2015] as it increases the chances of create a profitable relationship for both the researchers and the students. Furthermore, the fact that students continued with their contribution to the Cell Spotting project outside the classroom, thus showing an increased interest in scientific research, is of high relevance, which could be further exploited with the aim to attract young people to science. Another interesting observation made by teachers was that the participation in the Cell Spotting project seemed to motivate those students who were normally less engaged in class and therefore provided an opportunity for exploring new teaching methods.
The evaluation results also show that the impact of participation in the project was stronger on younger students than on older students (Table 2 ). For example, older students tended to disagree more with the statements expressing they learned something new about cell biology and acquired new insights into the work of researchers. The fact that older students had more knowledge in the field of biology, science and research than younger students poses as a possible explanation for these findings. Faced with this scenario, the question is now how to incorporate different levels of involvement with the Cell Spotting project, from starting exercises of classifying the cell images (for "beginners", e.g. younger students) to more complicated tasks, which provide and/or require more knowledge to those especially interested in the research topic addressed (for "advanced volunteers", e.g. older students).
The observation and interaction with the students during the training workshops also revealed that the participation in the Cell Spotting project confronted students with two new situations. First, after completing the task of analysing a cell culture image there was no "you did it right or wrong" at the end. Second, by chatting with the principal investigator of Cell Spotting, students discovered that being a researcher requires a lot of work, many times performing not so exciting tasks and pursuing many venues without guarantees of positive outcomes. These situations contrast with the every day experience in the classroom, where for each asked question there is always a wrong or right answer and practical protocols used in the laboratory usually conduct to the expected outcome, which made some students feel somehow uncomfortable.
Conclusions
The benefits of citizen science for researchers are continuously being confirmed. Furthermore, and although many citizen science projects have explicit educational goals, most of these projects are developed in informal educational settings. In this work, we investigated the possibility of implementing a citizen science project in the context of formal science education. Here, a citizen science project in the area of cell and molecular biology -Cell Spotting -was implemented with hundreds of students in high schools in Portugal and Spain as part of regular Biology class.
The results presented show that it is necessary to create an adequate environment so that science and education can mutually benefit from each other [Dickinson et al., 2012] . Considering the time constraints most teachers identified in the school schedule, the interconnection between the concepts addressed by citizen science projects and the school curriculum is a critical requirement that needs to be fulfilled [Dickinson et al., 2012; Mueller and Tippins, 2012] . This enables teachers to use the project as new teaching tool to help students achieve specific learning outcomes, thus avoiding burning them out with extra time consuming activities. For students, participating in such projects helps to consolidate and apply concepts learned as part of their school curriculum while improving their understanding of the scientific process through their direct participation. Therefore, students not only obtain a theoretical and practical background on the specific topic at hand, but also have the possibility to perform tasks of professional researchers by handling the same tools and data. Our results suggest that citizen science projects, acting as alternative teaching approaches, can increase especially the interest of the low performance students to science topics.
Other important aspects to take into consideration for the implementation of citizen science projects in schools are the development of easy-to-use and self-guided applications (if applicable), and the preparation of rich and attractive support activities and educational materials so that continuous participation and engagement can be triggered outside the classroom. Support infrastructures and regular contact with the researchers involved in the project to clarify doubts and report on the progress of the project and results accomplished with the collaboration of schools was also considered of the utmost importance to motivate both teachers and students.
